Introduction Vitamin D and calcium are known to regulate differentiation and proliferation of keratinocytes;
INTRODUCTION
Squamous cell carcinoma is a malignant neoplasm arising from transformed keratinocytes. Worldwide, oral squamous cell carcinoma (oscc), the most common oral cancer, is the 8th most frequent cancer in men and the 14th most frequent in women, accounting for nearly 3% of all cancer cases 1,2 . Morbidity associated with oral cancer has reached up to 40%-50% in India and Pakistan. The 5-year survival rate for oral cancer is less than 50% 2 . Understanding the pathogenesis of this disease will help in the development of new therapeutic strategies.
Vitamin D produced in the skin by exposure to sunlight and obtained from food and supplements has little biologic activity; it requires activation during two hydroxylation steps in liver and kidney. The first step is conversion to 25- 
METHODS
Our study recruited 140 subjects (70 with oscc, 70 healthy control subjects; both groups consisting of 62 men and 8 women) from the Department of Stomatology and the Physical Examination Center of The Second Xiangya Hospital of Central South University in China. The 70 patients with oscc had been diagnosed pathologically by the Pathology service. Table i presents the demographic and clinical characteristics of the patients and control subjects.
Control subjects were matched to patients on age (±5 years), dates of serum collection (±30 days), number of cigarettes smoked and duration of smoking, amounts and duration of alcohol intake, and duration of betel nut chewing. Body mass of index of the participants was calculated as body weight in kilograms divided by height in metres squared. Figure 1 shows the body mass index results in both groups.
In addition, all participants met these criteria:
n Glomerular filtration rate in the range 100-120 mL/ min/1.73 m 2 n No parathyroid disease, rickets, osteomalacia, or sarcoidosis n Not taking vitamin D, calcium, or any medication affecting calcium or vitamin D metabolism n Good general condition, normal dietary intake, and no obvious bone metastasis All participants were volunteers who provided informed consent before joining the study, which was approved by the ethics committee at The Second Xiangya Hospital of Central South University.
Blood samples were taken from the antecubital vein in the morning after an overnight fast. Blood was processed within 1 hour of collection, and serum was isolated and stored at -70°C until analysis. Samples were analyzed in a single batch. Serum 25(OH)D was measured using an enzyme-linked immunosorbent assay (Immunodiagnostic Systems Limited, Boldon, U.K.) performed according to the manufacturer's instructions (detection range: 2.4-144 ng/mL). Plates were analyzed on a microplate absorbance reader (BioTek, Winooski, VT, U.S.A.) at a reading optical density of 450 nm, with a correction wavelength of 620 nm. Serum intact pth was measured by automated chemiluminescence immunoassay [Siemens Healthcare Diagnostics, Erlangen, Germany (detection range: 0.265-201 pmol/L)]. All inter-and intra-assay coefficients of variation were less than 10%. Serum calcium, liver function, and renal function were determined using an automatic biochemical analyzer (Abbott Laboratories, North Chicago, IL, U.S.A.). The Shapiro-Wilk normality test was used to determine the normality of the samples in the patient and control groups. The Student t-test was used to compare continuous variables. The chi-square test was used to compare categorical variables. Results are presented as mean ± standard deviation or median and interquartile range. All p values are two-sided, and p < 0.05 was considered statistically significant. All statistical analyses were performed using the SPSS software application (version 16.0: SPSS, Chicago, IL, U.S.A.).
RESULTS
The oscc patients and control subjects showed no significant differences in smoking, alcohol consumption, and betel nut chewing (Table i) , demonstrating an appropriate FIGURE 1 Comparison of body mass index (BMI) of patients with oral squamous cell carcinoma and of control subjects. The BMI was calculated by dividing body weight in kilograms by height in metres squared. Data were analyzed using the Student t-test.
FIGURE 2
Comparison of serum calcium in patients with oral squamous cell carcinoma and in control subjects. Serum calcium was determined using an automated biochemical analyzer. Data were analyzed using the Student t-test.
FIGURE 3
Comparison of serum parathyroid hormone (PTH) in patients with oral squamous cell carcinoma and in control subjects. Serum PTH was determined using an automated chemiluminescence immunoassay. Data were log-transformed to achieve normal distribution and analyzed using the Student t-test. match in the risk factors for oscc. There was no significant difference in body mass index between the oscc patients and the control subjects (Figure 1) , indicating that the two groups had a fairly similar nutrition status.
As expected, serum calcium was not significantly different in the oscc patients and in the control subjects (Figure 2) , reflecting the tight control of serum calcium by calcium-regulating hormones such as pth and 1,25(OH)D. With respect to serum pth, we observed that the concentration of pth in serum was significantly higher in oscc patients than in control subjects (Figure 3) . To determine whether the higher pth in oscc patients was a result of lower vitamin D concentrations, we examined their serum 25(OH)D. The results showed that oscc patients and control subjects were both vitamin D insufficient. However, serum 25 [OH]D was not significantly different between the oscc patients and the control subjects (Figure 4 ).
DISCUSSION
Our results show that serum pth was significantly higher in oscc patients than in control subjects. Although certain types of cancer-such as lung cancer, hepatocellular carcinoma, and gastric carcinoma-produce pth [10] [11] [12] [13] [14] [15] [16] , no available evidence indicates that oscc produces pth. The observed increase in pth in our patients is unlikely to be primary, considering that we observed no increase in serum calcium. Vitamin D status is known to be inversely related to serum pth. An increase in the secretion of pth from the parathyroid glands would occur secondary to a decrease in circulating vitamin D. However, the higher level of pth in oscc patients in the present study does not appear to be a result of lower circulating vitamin D, because we observed no difference in serum 25(OH)D between oscc patients and control subjects. Mean serum 25(OH) D in both groups was below 30 ng/mL, which is consistent with previous reports indicating that vitamin D deficiency or insufficiency is prevalent in the Chinese population in almost all age groups and geographic areas 17 .
Recent studies have indicated that vitamin D might have anticancer effects. Vitamin D analogs inhibit proliferation of human laryngeal squamous carcinoma cells 18 . Lipworth et al. 19 observed a negative correlation between dietary intake of vitamin D and risk of squamous cell carcinoma of the esophagus and oral or pharyngeal cancer. A high prevalence of vitamin D insufficiency has been seen in patients with head-and-neck cancer at diagnosis 20 . However, other studies showed no association between serum 25(OH)D and risk of head-and-neck cancers or upper gastrointestinal cancers [21] [22] [23] . Our present data do not support an association between vitamin D status and oscc.
The parathyroid glands are extremely sensitive to changes in serum calcium and rapidly adjust their pth secretion. A slight drop in blood calcium (for example, in the case of low calcium intake) is sensed by the parathyroids, resulting in increased secretion of pth. Elevation in pth rapidly raises serum calcium to a normal level. It has been shown that the Asian diet is low in calcium [24] [25] [26] , and calcium supplementation is associated with a reduction in pth and bone turnover 27 . The higher level of pth in oscc patients in the present study might have occurred secondary to a lower calcium intake in a setting in which circulating vitamin D was already low for the individual's requirements.
Recent studies have suggested that pth stimulates the synthesis of insulin-like growth factor 1 in liver and bone, and acts as an antiapoptotic factor that promotes tumourigenesis 28 . The pth receptor is expressed in keratinocytes 29, 30 , and a positive association between the risk of breast cancer and primary hyperparathyroidism has also been reported 31 . However, one study also showed no association between baseline serum pth and breast cancer risk 32 .
We previously demonstrated that high extracellular calcium triggers differentiation of keratinocytes by inducing the formation of the p120-catenin-dependent E-cadherinbeta-catenin complex [7] [8] [9] . Lajolo et al. 33 showed that mice fed a diet containing 0.12 g calcium glucarate daily had a reduced rate of oral tumours. However, pth levels were not determined in the mice on the high calcium diet in the study. Those observations suggest that dietary calcium suppresses oral carcinogenesis. However, the underlying mechanism by which dietary calcium suppresses oral carcinogenesis is still unclear. Whether pth plays a role in promoting carcinogenesis remains a question. More research is needed to address those issues.
CONCLUSIONS
Taken together, our data demonstrate that higher serum pth, but not lower serum vitamin D or calcium, is associated with oscc. Intervention studies of strategies to reduce pth in oscc patients are required to explore any cause-andeffect relationship.
